The Telescope Array (TA) is a large scale ground experiment in Utah, USA for the measurement of extensive air showers from the ultra-high energy cosmic rays. Its construction is completed in March, 2008 and the data taking started.
Introduction
A strong suppression of the flux is expected for the arrival of extremely high energy cosmic rays (EHECRs) above ∼10 20 eV. The suppression comes from the interaction of cosmic rays with the cosmic microwave background and was predicted by Greisen, Zatsepin and Kuzmin (GZK) in 1966. 1) Since that prediction, the search for the cutoff structure predicted by GZK has been the central theme in the study of EHECRs. Major efforts were made by the Akeno Giant Air Shower Array (AGASA) in Japan and the High Resolution Fly's * E-mail: fukushim@icrr.u-tokyo.ac.jp Eye (HiRes) in the USA.
The AGASA experiment published an energy spectrum which does not exhibit the GZK cutoff in 1998.
2)
The whole spectrum above 10 19 eV is well described by a single power-law of E −2.78 , and a total of 6 events was observed above 10 20 eV with an exposure of 0.83 × 10 3 km 2 sr yr. The number is updated to 11 events in 2003 with an exposure of 1.62 × 10 3 km 2 sr yr.
3) The HiRes published a result of monocular measurement in 2004 4) and asserted that the energy spectrum is consistent with the existence of the GZK cutoff. In the HiRes data set, the number of events above 10 20 eV is 2 with an exposure of 2.4 × 10 3 km 2 sr yr. The result is recently updated.
5)
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It appears that a large part of the discrepancy in the Flux(E) ×E 3 comes from the systematic difference of energy determination between the two experiments. It can be shown that the spectra of AGASA and HiRes agree well below 10 20 eV if the overall energy scale of AGASA is lowered by ∼20% or that of HiRes is increased by the same amount. The AGASA's uncertainty in energy determination is 18%
3) and the corresponding number of HiRes is 17%.
4)
After the energy rescaling, the statistical difference of two experiments above 10 20 eV becomes less significant but the conclusion on the GZK cutoff is not altered. For AGASA, the number of events with E > 10 20 eV becomes 5 with -20% energy rescaling. Normalizing the exposure to that of AGASA but keeping its energy scale, the corresponding number is 1.4 events for HiRes. It is difficult to conclude whether this disagreement is due to the statistical fluctuation or the reflection of inherent systematics in two experiments; AGASA is the ground array and HiRes is the fluorescence telescope. It is urgent to understand the difference between two experiments in order to establish the cosmic ray energy spectrum in the GZK cutoff region.
Telescope Array Experiment

New Generation Detectors
AGASA completed 13 years of data collection in January, 2004. The HiRes stopped taking data in April, 2006. Two new experiments, the Pierre Auger Observatory (hereafter called "Auger") and the Telescope Array, are now proceeding to examine this issue.
Both experiments employ an array of Surface Detectors (SDs) and several sets of Fluorescence Detectors (FDs) in the same location and make a simultaneous observation of an air shower by two different detector technologies. Auger uses the water Cherenkov counter as a SD and covers a ground area of 3,000 km 2 . TA uses plastic scintillators and covers an area of 678 km 2 . The Auger is being built in Malargue, Argentina and TA is in Utah, USA.
The energy spectrum from Auger was first presented in the ICRC of 2005 with an exposure of 1.75 × 10 3 km 2 sr yr and the result with higher exposure was published after this workshop.
6) The most recent data excludes the single power-law continuation of the spectrum with 6 standard deviations.
The detector configuration of TA is shown in Fig.1 . It consists of an array of SDs and 3 stations of FDs overlooking the array from the periphery. The SD has an aperture of ∼1600 km 2 sr and the FD will have a stereoscopic aperture of ∼1040 km 2 sr at 10 20 eV with a duty factor of 10%. It is located 140 miles south of Salt Lake City (lat. 39.3
• N, long. 112.9
• W) in the West Desert of Utah with an average altitude of 1400 m.
Surface Detector
The SD consists of 507 plastic scintillators of 3 m 2 large deployed in a grid of 1.2 km spacing. AGASA was composed of 111 plastic scintillators of 2 m 2 large in an irregular grid with a spacing of ∼1 km. The wider spacing of TA/SD allows a coverage of 1.44 times larger area than AGASA with the same number of counters. In return, the size of the TA scintillator was increased to compensate the decreased number of detected particles while maintaining a sufficient trigger efficiency and event reconstruction accuracy. The trigger efficiency higher than 98 % is achieved for E > 10 19 eV. The total covered ground area of TA is approximately 7 times larger than that of AGASA. Its duty factor is expected to be higher than 95%.
Each SD is composed of two layers of plastic scintillator overlaid on top of each other with a stainless steel sheet of 1 mm thickness in between. The scintillator is 1.2 cm thick and is read out by 96 wave length shifting fibers installed in grooves on the surface. The passage of a cosmic ray muon gives 24 photo-electrons on average. The choice of the thin scintillator with the fiber readout keeps the production and the deployment of the counter simple.
The signal from each PMT is continuously digitized and recorded by a 12-bit flash ADC with 50 MHz sampling. The timing of the clock is synchronized with a pps signal generated by the global positioning system (GPS) at each counter. The accuracy of GPS relative timing is better than 20 ns. The recording of the PMT wave form will enable us to measure the particle distribution inside the shower disk, which was not possible by the signal shaping electronics of AGASA. It is also effective in removing delayed neutrons which have adverse effects on the energy determination.
3)
One of the SDs deployed in the field is shown in Fig.2 . The counter is operated in the field without any "utility" wires. The total power consumption is ∼7 W and it is locally generated by the solar panel of 120 W capacity. Behind the panel is a heat-insulated enclosure containing the battery and all electronics. A communication antenna for the wireless data transfer is seen on the mast. The whole SD assembly weighs ∼ 640 kg. Approximately 80% of the SDs are on the Federal land, ∼10% on Utah state trust land and the rest on privately owned land. The Bureau of Land Management (BLM) issued a permission for the deployment in September, 2006. The mass-deployment using helicopters was completed in November, 2007.
The gains of all the SDs were adjusted remotely by using cosmic ray muons after the deployment. For the trigger and data acquisition, the whole SD array was subdivided into 3 sub-arrays of 100, 193 and 207 SDs. Each sub-array is controlled by one master electronics installed on the nearby communication tower, where a coincidence trigger between 3 neighboring SDs with a threshold of 3 or more muons has been implemented. The pulse height spectrum by the cosmic muon is accumulated at ∼700 Hz at each SD and is sent to the communication tower every 10 minutes for monitoring (see Fig.3 and Fig.4) . A typical SD event is shown in Fig.5 and Fig.6 . The whole SD array started taking data with 503 counters in March, 2008. Four additional SDs will be deployed in November 2008 to complete the SD array. A trigger integrating 3 sub-arrays into one will be implemented at the same time.
Fluorescence Detector
The FD makes a calorimetric imaging of the entire air shower development in the atmosphere. It allows a precise calibration of the energy and arrival direction measurement made by the SD.
One of the FD stations, the Middle Drum station in the north (Fig.7) , is built by the transfer of the HiRes detector. Fourteen HiRes telescopes and HiRes-I sample and hold electronics are used. This FD station will become an important "anchor point" for the comparison of the energy scale between old and new experiments. The per- H formance of the HiRes telescope is described elsewhere.
7)
Below, we describe the design and performance of newly produced FDs at 2 other locations. A battery of 12 reflector telescopes covers the sky of 3
• -34
• in elevation and 108
• in azimuth at Black Rock Mesa in the east and at Long Ridge in the west. The mirror is a spherical dish of 6.8 m 2 and is composed of 18 segment mirrors of a hexagonal shape. The radius of curvature of the segmented mirror is 6067 mm.
8) The direction of each segment mirror was individually adjusted and a spot size of less than 20 mm in diameter was realized at the center of the focal plane. The reflector area of TA/FD is ∼30 % larger than that of the HiRes telescope.
The air shower image is detected by a mosaic PMT camera on the focal plane. A set of 16×16 PMTs with a hexagonal window is used for each camera. Each PMT covers a 1.1
• ×1.0 • patch of the sky. A UV transmitting glass filter (BG3 by Schott) is attached in front of each PMT for blocking the night sky background. The whole camera is assembled in a chassis with a window made by the UV transparent plexiglass.
A negative high voltage was applied for each PMT and the gain (∼10 5 ) was individually adjusted. A linearity of up to 32 k photo-electrons in 100 ns is achieved. The use of DC coupling enables a direct measurement of the night sky background. The signal of long duration from the distant shower, or by the laser shot, is recorded without distortion by the shaping amplifier.
The signal from the PMT is amplified by a factor of 50 by the pre-amplifier and is sent to a digitizer electronics with a 12-bit, 40 MHz flash ADC, where a trace of fluorescence signal is searched in pipeline by a sliding sum algorithm in the Field Programmable Gate Array (FPGA). The DC component from the night sky background is averaged every 1.4 ms and is digitally subtracted. The wave form is readout and recorded by the PC when a cluster of adjacent 5 PMTs are fired.
All 3 FDs stations were installed by November, 2007 and started taking data. A trigger rate of ∼2 Hz is achieved with ∼6% dead time. An example of the event taken by the new FD system is shown in Fig.9 and Fig.10 . 
Calibration
For the new FDs, there are 2-3 "standard" PMTs in each camera for which the gain was calibrated using the absolute light source before installing into the camera. The Rayleigh scattering of the pulsed nitrogen laser is used for the light source (see Fig.11 ). A tiny YAP(YAlO 3 :Ce) scintillator with 241 Am source is attached to the standard PMTs for the gain monitoring after the calibration. The gain of all other PMTs in the camera is adjusted in situ with respect to the standard PMT by using a diffused light source by the Xenon flasher installed at the center of the reflector mirror.
An integrated mechanism to confirm the energy scale of the FD measurement is important. We plan to deploy a small linear accelerator 100 m away from the FD station and inject an electron beam vertically up in the atmosphere (see Fig.12 ). A beam of 10 9 electrons with an energy of 40 MeV and a duration of 1 µs well simulates a shower energy deposition of ∼4×10 16 eV. An absolute accuracy of ∼5% will be achieved for the FD telescope calibration by comparing the observed fluorescence signal with the expected energy deposition calculated by the GEANT simulation.
A lidar system is being used at Black Rock Mesa for the atmospheric monitoring. It consists of a pulsed laser (Nd:YAG, the 3rd harmonic of 355 nm) and a telescope attached to an alto-azimuth mount. The laser can be fired in any direction and the back-scattered light is received by the telescope. The data are analyzed to obtain the extinction coefficient along the path of the laser. An example of the lidar analysis is shown in Fig.13 . We are also installing a central laser facility (CLF). It is in the middle of the SD array and is equidistant to all 3 FD stations. The absolute intensity of the laser shot at the CLF is monitored and the Rayleigh scattering at high altitude can be used as a "standard candle" by all 3 FD stations. Together with the lidar and the CLF, we aim at ∼5% accuracy for the correction of the atmospheric transparency.
We intend to establish a systematic uncertainty of approximately 10% for the energy determination by FD, which would be the quadratic summation of several different sources of each at 5% level. They are from the telescope calibration, the atmospheric correction, missing energy carried by muons and neutrinos, Cherenkov light contamination and others. 
Simultaneous Measurement
The energy measurement of the ground array can be calibrated by the air fluorescence. The geometry reconstruction of the air fluorescence can be checked with a core location determined by the ground array. The energy dependent acceptance of the fluorescence measurement can be tested with respect to the flat acceptance of the SD array.
We expect the simultaneous measurement of the same EHECR by the SD and the FD will reveal systematic uncertainties inherent to each detector. It will guide us to a reliable determination of the primary energy and the acceptance.
Prospects
The data taking of TA started in March, 2008 using all detectors. The CLF was installed in June, 2008 after this workshop. The calibration by the TA linac is expected in the spring of 2009.
An overall performance of TA is summarized in The energies of these events are cross-calibrated using ∼110 hybrid events with E > 10 19 eV. One or two hybrid events are expected above 10 20 eV for which the energy measurement is 4-fold; one by the ground array and three by the fluorescence telescopes. The first re-examination of the GZK cutoff by TA will be made using these data sets.
The acceptance of Auger is determined by the SD and it is ∼4 times larger than that of TA using the same zenithal acceptance. The TA is composed of SD and FD of the balanced acceptance, and each of which can independently produce the energy spectrum and anisotropy measurement. The value of TA therefore resides in the accuracy of measurement obtained by the comparison of SD and FD as well as the observation in the northern hemisphere where we already have significant amount of data by AGASA and HiRes.
The plastic scintillator of TA measures the number of penetrating charged particles which is dominated by the electrons. It is known that the number of electrons in a fully developed air shower outnumbers the muon by an order of magnitude. Air shower Monte Carlo tells us that the number of muons in a shower depends on the primary composition. The measurement by the plastic scintillator is less affected by the composition of the primary cosmic rays, which is unknown and may be changing over the measurement range of GZK cutoff.
The association of EHECRs with an astronomical object will be essential for identifying the origin of the EHECRs. The Auger recently published a result suggesting a correlation with nearby AGNs.
9) The northern hemisphere sky contains abundant galaxies in a local cluster and the directional disturbance of the EHECR by the galactic magnetic field is expected to be smaller. We already have enough data collected by AGASA and HiRes for the search of correlation among EHECRs. The coverage of the northern sky by TA will complement the measurement of the southern sky by Auger.
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